SINCE January of 1916, occasional cases or small groups of cases of plague have been discovered at irregular intervals in the Orange Free State and neighbouring districts occurring under circumstances which did not, until recently, disclose the method of the spread of infection.
The number of cases and the circumstances under which the outbreaks occurred have from time to time been officially declared. In previous years, well defined epidemics of the disease had occurred at the ports and larger towns in connexion with well proved epizootics in the * domestic" rat population and following the courses of transit of grain and other food stuffs in the usual way. These epidemics were satisfactorily dealt with by campaigns against the "domestic" rodents and the other usually effective methods.
The occurrences since 1916 have differed in character from these welldefined epidemics in the following particulars:-
(1) The ouitbreaks were confined to persons or small groups of persons living in rural areas less densely populated than the bulk of South Africa, and remote from larger towns and villages.
(2) Investigation and the closest inquiries failed to elicit the existence of domestic " rodents at or anywhere near the scene of the outbreaks. The nature and structure of the farm houses and native huts in which many of the cases lived was not such as to favour the existence of domestic rodents.
(3) The time intervals between adjacent groups of cases was irregular, being in some instances a few weeks, and in other instances as much as many months. The distances between the scene of such outbreaks as would at first sight appear to have a common source of infection were in some instances as great as fifty miles, the intervening population remaining unaffected and the closest investigation failing to elicit any connexion, personal or through verminous fomites, between the groups of cases. Many of the cases occurred in persons living on isolated farms of several thousand acres, and having limited intercourse with their neighbours. The Central Health Department was faced with the problem of discovering either the source of infection common to these outbreaks or the means of transference of infection from one case or group of cases to the next, over varying intervals of time and space in the unusual circumstances stated. The theory tentatively held, that latent infection could remain in ambulatory human cases to reappear and be passed on in virulent form after a considerable interval, had under the circumstances to be revised. As the series of small detached outbreaks continued to occur up to 1921, Dr. Mitchell, the Secretary for Public Health, decided to have close investigation made into the species, habits and morbidity (if any) of the wild rodents of the affected area: and for that purpose enlisted the aid of experts trained in the capture and classification 'of African wild animals. The following results were arrived at in the early months of 1921:
(1) The area of country involved, with a radius of about 150 miles, may be roughly described as flat, or as gently undulating plains, intersected by water-D-Ep 1 [October 28, 1921. courses which only contain flowing water for a few months of the year, but in the valleys of which occasional pools may remain longer. These valleys are fringed with low scrub and vegetation varying from a few to several hundred yards in width. The soil generally is a light sandy loam. The indigenous vegetation is grass, patches of low scrub, wild melons and cucumbers and the like which usually grow in such latitudes in plains with scanty rainfall.
The area is divided into farms of from one to five thousand acres, and is, mostly concerned with the raising of sheep and the production of maize and other cereals.
The human population, both white and native, is very sparse and widely separated. The conditions generally favour the existence of the smaller wild animals, especially rodents, which find harbourage by burrowing under the roots of grass and the low scrub.
(2) The animals captured were as set out in the following list: 
Ictonyx Striatus
(3) Considerable difficulties were encountered in their capture and in th& investigation of their habits, owing to the fact that many of them are strictly night animals and burrowers, necessitating the careful tracking of small spoor in the early mornings to and from water holes and feeding places. The burrows are often of considerable depth and extent, branching in several directions, while the ordinary heap of earth for which one looks as indicating a burrow inlet may be absent, the earth removed in burrowing being used to, block up the passage behind the burrower. Entrances and outlets may be numerous and carefully concealed under overhanging bunches of grass or bush.
It was, moreover, found to be a common habit of some of these animals to.
occupy the burrows of animals of different s-pecies, and it was no uncommon matter to find the carnivorous mongoose and some of the smaller noncarnivorous rodents inhabiting the same series of burrows without detriment to the latter: it should be remarked, however, that in such instances the carnivore would be a day feeder, while the non-carnivores would be night-feeders.
(4) The procedure devised in attempting to discover the presence or absence of sickness or mortality due to plague infection was to commence tracking and digging-out operations close to the localities in which human plague cases had resided or (what was subsequently found to be equally important) in the immediate vicinity of places in which the human cases had been engaged in agricultural occupations such as ploughing, herding sheep, orcamping for meal times. It was found important also to extend the area of-operations rapidly and widely, because in the early investigations the burrows in the immediate vicinity of the residence or work place of the human cases had been found to be deserted by animals and fleas, or at most to contain only a few shrivelled remains of their former occupants, from which it was impossible to determine the presence or absence of plague infection.
As a result of very zealous and painstaking work, conducted on these lines, extensive sickness and mortality due to plague among some of the smaller species of rodents were at last discovered.
The procedure for verifying the nature of the infection and the safeguarding of the experts and their native labourers from the danger of fleacarried infection while engaged in laboriously exploring the ramifying burrows and the rodents' nests presented some initial difficulties. Owing to transport difficulties it was considered impracticable to make use of a field laboratory.
Arrangements were eventually made whereby a supply of ice and containers was kept constantly at hand for the transport without putrefaction of animals recently dead, to a central laboratory for diagnosis, and as regards the danger from fleas, which were found in abundance, the use of insecticides, both personallv and otherwise, was practised before the bodies or nests of rodents were handled.
The animals so far proved to be plague-infected and to show a very heavy mortality over a wide area are the following:-(a) Gerbille, or Tatera Lobengude, a rodent slightly larger and somewhat similar tc the domestic brown rat.
(b) Multimammate mouse, or Rattus Coucha, a rodent somewhat similar in size and appearance to one of the ordinary domestic mice.
These two are thought to be perhaps the commonest of the animals contained in the above-given list (p. 28), in the area of country under consideration, and they undoubtedly exist there in very large numbers. Burrows containing one or the other, and more often both species, extending in what may roughly be described as chain formation with occasional gaps, have been traced almost throughout the whole area.
Both are animals which only venture out at night, and this fact and their habit of closing up the entrance passages of their burrows, may account for the failure of the earlier investigations and inquiries as to the presence of rodents in or near residences affected by plague.
Both feed commonly on th,e young roots of vegetation, wild melons and the like, and both eat grain occasionally and when pressed for food. Neither lives in farm houses or natives' huts, but the multimammate mouse is inclined to live in closer proximity to human habitations than the gerbille, and its burrows have occasionally been located by an expert in the back yards of farm houses and close to the walls of native huts. Provisionally, then, this -species may be accepted as being the common conveyer of infection to man in the area in question, but an instance has occurred in which the evidence definitely points to human infection acquired from a gerbille burrow remote from human habitation. The person infected had been accustomed to sit daily for his mid-day meal on a spot honeycombed with gerbille burrows-from which, subsequently, definite evidence of gerbille infection was obtained.
None of the other animals mentioned in the above list has been found so far to be plague-infected, but the numbers of these captured and examined have been small and no experiments have been so far made to ascertain their susceptibility to plague.
(5) Several means have been attempted to destroy these rodents, but the methods ordinarily applicable to " domestic" rodents are not generally practicable, owing to the vast areas involved, and to their habits of feeding and burrowing.
Poisoning on a large scale appears to be inapplicable having in view the nature and easy accessibility of their principal food. The use of sulphurous and arsenical vapours, either with or without special apparatus, met with scant success owing to the closure of burrow passages and the branching of the burrows. Where the entrances of burrows have been discovered and cleared some success has been obtained by the use of carbon bisulphide in each opening, and the subsequent closure by turf. On subsequent excavation, all occupants have been found dead, and the fleas, both on the rodents and in their nests, have been found in a more or less inactive state. The fatality to fleas is not so marked as the fatality to their hosts, and a dose of the vapour which destroys all rodents leaves a fair proportion of their fleas in a condition from which they recover. Trapping or systematic digging out ire such an area is too vast a work to be seriously considered.
There remains for consideration the possibility of providing or increasing their natural enemies, or of discovering and spreading a disease among them which is not fatal to human beings.
(6) A careful collection of fleas and other ectoparasites found on each animal captured or found dead, and in the underground nests, was made. The results of their classification will be declared in due course. No experiments have hitherto been made to discover which of the varieties found are capable of tramsmitting the bacillus, but it tnay provisionally be assumed that the carriage of infection from rodent to rodent and from rodent to man has been effected in this area by one or other of the varieties found.
(7) From the circumstances here described, and from the observations of experts on the spot, more especially from the discovery of large areas of rodent burrows entirely depopulated and containing only a few shrivelled remains, it appears probable that plague infection almost annihilates gerbilles and multimammate mice in any particular series of burrows infected, and that the epi-zo6tic extends slowly across country in an irregular manner through chance visits of animals to burrows in the vicinity of their own dwellings, while a sufficient number may escape death to bring about a repopulation when the period necessary for the death of the ectoparasites in infected burrows has elapsed. Human infection from fleas which have deserted the dead rodents and their nests has been only an occasional occurrence, and has been commonest in those engaged in outdoor pursuits.
The area involved produces cereal food stuffs and forage, which are sent in to the towns; therefore, as long as wild rodent infection exists in it, there must be faced the problem of how to prevent (a) the transference of infected fleas or rodent remains from the collecting centres and rail heads; (b) the extension of the town or domestic rat population to the area in question, as well as the task of the general curtailment of the domestic rodent in the towns and ports.
The information obtained in these investigations appears to tally in some respects with the reports of infection of wild rodents by observers in other countries, so well collected and set forth in Dr. Bruce Low's last report on the progress and diffusion of this and other diseases throughout the world . And it may further help to elucidate certain problems as to the existence of latent foci of infection remaining perhaps almost unnoticed in remote rural areas, from which at intervals-and dependent on the extent and vulnerability of the domestic rat population-a serious epidemic affecting human life and trade may arise, traversing the routes of the transit of grain and other food stuffs.
